NRGs constitute a large family of proteins related to nerve transection, whereas neutralization of endogeepidermal growth factor (EGF). They occur in multiple nous NRG increases the normal death. These results isoforms, some membrane bound and some soluble, encoded by at least four genes, which are subject to suggest that NRG is an axon-associated survival sigalternative RNA splicing. Each isoform has a distinct nal for developing oligodendrocytes. 
al., 1995; Eilam et al., 1998). Targeted disruption of the adding NT-3 and thyroid hormone (TH), as described previously (Barres et al., 1994) . Under these conditions, Ͼ99% of the cells differentiated into oligodendrocytes within 24 hr, attesting to the purity of the OPCs. After an additional 4 days, the oligodendrocytes were removed from the culture dish by trypsinization, replated in 96-well culture plates with appropriate factors, and assessed for viability with a 3-fluorochrome fluorescence assay (see Experimental Procedures). As previously described (Barres et al., 1992) , in the absence of added growth factors, the majority of the purified oligodendrocytes died within 3 days (Figure 1 ) with the characteristic morphology of apoptosis. We tested potential survival factors at saturating concentrations. The combination of NT-3, NRG (human recombinant GGF-2), and high insulin (5 g/ml), or high insulin alone, strongly promoted survival for the 6 days of the assay; NRG alone significantly promoted oligodendrocyte survival, although less well than high insulin ( Figure  1 ). The survival-promoting activity of NRG was the same at 200 ng/ml as at 20 ng/ml and when the oligodendro- OPCs were used directly after purification; in others, they were cultured for 1 week prior to the survival assay.
In the absence of added signaling molecules, OPCs genes encoding NRG-1, ErbB2, ErbB3, or ErbB4 causes maintained their typical bipolar morphology, but the maearly cardiac failure and death in mouse embryos (rejority underwent apoptosis within 2 days (Figure 2 ). viewed by Burden and Yarden, 1997, and Gassmann PDGF alone (data not shown) and high insulin alone and Lemke, 1997; Britsch et al., 1998), which limits the strongly promoted survival (Figure 2) , as previously reuse of this approach to study NRG function in later ported (Barres et al., 1992 (Figure 2) , it strongly promoted the survival of OPCs that had been maintained in culture OPCs, but only after they have matured, suggesting that developing OPCs can acquire NRG dependence by for more than 1 year and did so more effectively than high insulin (Figure 3) . either differentiation or maturation. mined in propidium iodide-labeled cryostat sections, as previously described (Barres et al., 1992) .
Results

Effect of DRG
The average number of dead cells per optic nerve section was decreased by about 50% in the animals that had received injections of COS-7 cells expressing NRG, compared to animals that were uninjected or that received control COS-7 cells transfected with empty vector ( Figure 5A ). By contrast, the average numbers of mitotic figures per section were not significantly different in control and test animals (data not shown). To quantify the number of surviving oligodendrocytes in the nerves, we stained the sections with the CC-1 monoclonal antibody, which specifically labels oligodendrocyte cell bodies in the normal developing rat optic nerve (Lu et al., 2000) . In nerves from animals injected with control COS cells, the average number of CC-1 ϩ cells per section was 58%, whereas in nerves from animals injected with NRG-transfected COS cells, it was 76% ( Figure 5B) . Thus, unless the NRG-transfected COS cells decreased the total numbers of cells in the optic nerve, which seems highly unlikely, the extra NRG significantly increased the number of oligodendrocytes in the nerve. These finding show that NRG can promote oligodendrocyte survival in vivo and that NRG is normally present in limiting amounts in the developing optic nerve.
Effect of Inhibiting NRG Action In Vivo
To test whether NRG normally plays a role in promoting the survival of oligodendrocytes in the developing optic nerve, we studied the effect of inhibiting NRG action in vivo. We delivered ErbB4-Fc to the developing CNS by We have used purified P8 optic nerve OPCs that either zolam, and 10 l of a suspension of 3 ϫ 10 6 cells was slowly injected readily distinguished using the same UV filter. The initial viability at two sites through the frontal skull into the subarachnoid space, (day 0) was measured 2 hr after plating and was always between using a 10 l Hamilton syringe. The rats were killed after 4 or 5 days. 80% and 95%.
Optic Nerve Transection DRG Oligodendrocyte Cocultures
P8 rats were anaesthetized as described above, and an incision DRGs were dissected from newborn rats and cultured as explants was made in the left eyelid so that the eyeball could be gently on PDL-and mouse laminin-coated 96-well culture plates (Falcon) retracted. The optic nerve was cut behind the globe with microscisin 100 l of a serum-free medium that consisted of Neurobasal sors, and the incision was closed with 6-0 suture. medium (GIBCO) containing various additives and B27 supplement (GIBCO), as described previously (Barres et al., 1993) . High insulin and NGF (100 ng/ml) were added to promote neuronal survival and Counting Apoptotic Cells in Cryostat Sections of Optic Nerve axon outgrowth, and the antimitotic agent cytosine ␤-D-arabinoFrozen sections of optic nerve were prepared from P11 or P12 rats furanoside (Ara-C, 10 Ϫ5 M) was added to prevent the proliferation and stained with propidium iodide to determine the number of dead and migration of nonneuronal cells outside of the explant. The excells as described previously (Barres et al., 1992; Burne et al., 1996) . plants were fed every 4 days with fresh medium. In these conditions, Only condensed or fragmented nuclei, which were also phase dark, an extensive network of axons, without any nonneuronal cells (as were counted as dead, and only cells within the boundary of the visualized by Calcein AM staining), developed in a few days. After glial-limiting membrane were considered. Statistical significance of 12 days, freshly purified P8 OPCs were added in Neurobasal medium differences was tested by Student's t test. containing NGF and 30 ng/ml of triiodothyronine and thyroxine (TH), Immunofluorescence staining of cryostat sections was performed but no insulin. After 1 day, Ara-C was added to the cocultures. Under as described previously (Barres et al., 1992) . Rabbit anti-S100 antithese conditions, the OPCs differentiated into oligodendrocytes in bodies (diluted 1:100) were used to identify astrocytes (Boyes et al., 24-48 hr (Barres et al., 1994) . After a total of 4 days, the medium 1986). Axonal degeneration was detected with the RT97 monoclonal was removed and replaced with the same medium (NGF, Ara-C, anti-neurofilament antibody (ascites fluid, diluted 1:100; Wood and and TH) containing the appropriate molecules to test in the survival Anderton, 1981). The CC-1 monoclonal antibody (diluted 1:50), assay (see below). In a few cases, differentiated oligodendrocytes which recognizes the adenomatous polyposis coli (APC) protein, were added directly on the explants, with similar results. was used to visualize optic nerve oligodendrocyte cell bodies (Lu et al., 2000). The rabbit antibodies were detected with biotin-coupled goat anti-rabbit immunoglobulin antibodies, followed by fluoresNeutralization of NRG In Vitro Affinity-purified rabbit anti-neuregulin antibodies (anti-NRG), raised cein-coupled streptavidin (both from Amersham, diluted 1:100). Mouse antibodies were detected with FITC-conjugated donkey antiagainst a 20 amino acid peptide (QNYVMASFYSTSTPFLSLPE) corresponding to the carboxyl terminus of human heregulin ␤-3 (and mouse immunoglobulin F(abЈ)2 fragment (Jackson ImmunoResearch, diluted 1:100). Sections were then stained with propidium GGF-2), which includes a 9 amino acid sequence of the EGF domain, were purchased from Santa Cruz. The recombinant fusion protein iodide (PI). The S100-stained sections were examined with an MRC-600 laser-scanning confocal microscope. PI-labeled pyknotic nuclei ErbB4-Fc was produced by a stably transfected 293 cell line (gift from Yosef Yarden) and purified on a protein A and protein G column were examined in successive 1 m sections to determine whether or not they were positive for S100 labeling. The CC-1-stained sec-(Pierce). The purity of the ErbB4-Fc was checked by gel electrophoresis.
tions were analyzed with a SPOT cooled CCD 24 bit color digital camera (Diagnostic Instruments) mounted on a Leica DMRB/E miAnti-NRG, ErbB4-Fc, and control immunoglobulin, or NRG was added to the DRG oligodendrocyte cocultures, and the percentage croscope.
